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Abstract--Over the past few years, the electric power utility 
industries around the world have experienced a strong drive 
towards deregulation. Based on the experience of deregulation of 
the communication, natural gas and airline industries, the 
deregulation of electric utilities is necessary for high efficiency 
and energy saving. In developed countries, after decades of 
government regulation and protection, the traditional vertical 
integrated electric utilities have been criticized as ineffectively 
monopoly sectors. Customers have to pay expenses to utilities due 
to low efficiency operation and improper policy. However, 
deregulation may bring fair pricing and open access to all users. 
Regardless of market structure, it is important to know the 
contribution of particular generator to particular load and line 
flow. Due to nonlinear nature of power flow, it is difficult to 
determine transmission usage in the network accurately. Thus, 
models and tracing algorithms will become very heuristic in 
order to allocate the power flow and loss in transmission 
networks. This paper discussed a method for tracing the power 
flow and loss in the deregulated transmission system. Based on 
converged load flow, basic circuit theories including 
superposition theory, equivalent impedance and equivalent 
current injection are applied in developing this method. Then, 
the voltages, currents, power flows and losses contributed by 
every generator in the system could be traced. An IEEE-14 bus 
test system has been used and the results found to be effective in 
testing this method. Result comparisons of previous method is 
also been discussed.  
 
Index Terms-- Deregulation, Power Flow Tracing, 
Proportional Sharing Principle, Superposition Law, Open 
Access.  
I.  INTRODUCTION 
N transmission open access, it is interesting to know, which 
power plants supply a particular line flow and how much its 
contribution to the loads. The studies of this area are enhanced 
and developed year by year to give the opportunity to 
researchers to come out the algorithms for power tracing. 
Since the nonlinear nature of power flow, it is difficult to trace 
the power flow and loss in the meshed network accurately. In 
this paper, an algorithm that uses basic circuit theories 
including superposition theory, equivalent impedance and 
equivalent current injection are applied. To date several 
tracing algorithms have been proposed in the literatures [1]-
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[11].  
In [2]-[5], a novel tracing method that use proportional 
sharing assumption is presented. In this paper, two tracing 
algorithms were proposed, upstream-looking and downstream-
looking algorithm. The upstream-looking algorithm will 
apportion the losses to the loads and allocate the supplement 
charge to the generators while downstream-looking algorithm 
will apportion the losses to the generators and allocate the 
supplement charge to the loads. Even though the approach is 
conceptually simple, it requires inverting a sparse matrix of 
the rank equal to number of networks nodes. 
The method based on organization of the buses and 
branches of the network into homogenous group was proposed 
in [6, 7]. In the method, the network characteristics including 
‘domains’, ‘commons’ and ‘links’ need to be defined first and 
then the contribution of a load or generator to a line can be 
obtained. The disadvantage of this method is the share of each 
generator in each ‘common’ is assumed to be same. In 
addition, since the topology of ‘common’ could radically 
change even the case of slight change in power flows, this 
concept can lead into problems.  
The method that uses real and imaginary currents to trace 
the generators’ output was proposed in [8]. This technique 
does not require modeling line losses and automatically 
becoming lossless real and imaginary current networks. 
However, the method still involves the disadvantages of 
concept in [6, 7]. In [9, 10], proposal of the charging of 
transmission losses under trading arrangement is reported. 
This method makes some modification of the method that 
proposed in [2]-[5]. One of the modifications is introduction 
of decoupled power flow of line instead of additional fictitious 
node. However, the size of the matrix is still large if this 
method is applied to large system.  
In [11], three-bus oriented schemes based on generalized 
generation distribution factors (GGDFs) and generalized load 
distribution factors (GLDFs) were proposed to allocate the 
transmission losses to market participants. This bus-oriented 
method is aimed to reducing the distribution factor 
computation and reflecting the activity in a competitive 
market.  
Basically, the algorithm’s development in this paper is 
referred to [1]. In [1], the concerned of the author is regarding 
singular characteristic of full admittance matrix that will 
brings the additional formulas to overcome the singular 
problem. From [1] also, the equations are reviewed and 
improved.  
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 II.  APPROACH 
This paper will emphasize on the method that has been 
proposed in [1]. Based on [1], equations are reviewed and 
reduced to meet the requirement of power tracing algorithm. 
This method is named as Superposition theory method due to 
usage of superposition law as a foundation in this algorithm’s 
development.  
After power flow solution is obtained, we can identify 
voltage magnitudes, angles, total real power and reactive 
power for each bus in the network. The bus system then can be 
identified as slack bus, generator bus (PV bus) and load bus 
(PQ bus). The generator bus (including slack bus) can be 
treated as equivalent current injection and load bus as 
equivalent impedance. The apparent power of a generator bus 
n and its corresponding equivalent current injection can be 
expressed as [1]: 
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Where n is number of generator, Vn,G is the generator bus 
voltage, Pn,G is the real power and Qn,G is the reactive power 
for the generator bus. Those elements can be obtained from 
load flow study. 
In a power system, generators and loads are not the only 
sources and/or sinks of complex power. Static Var 
Compensators (SVCs), transformer, shunt capacitors/reactors 
and line charging capacitances play a vital role in transferring 
power between suppliers and customers. Thus, in this paper 
will take this effect into corresponding equivalent impedance 
that derived from [1]. For a load bus i,the corresponding 
equivalent impedance (Zi,L) can be derived as: 
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Where Vi,L, Ii,L and Si,L =[Pi,L – j(Qi,L-Qc)]are the voltage, 
current and apparent power of load bus i including effect of 
injected MVAR that obtained from the converged load flow 
solution respectively. After the equivalent impedance is 
integrated into the admittance matrix, the relation between bus 
voltage and bus current injection can be expressed as [1]: 
 
GMATRIXBUS IZV =               (4) 
 
Where VBUS,, IG and ZMATRIX are the bus voltage vector, current 
injection vector and impedance matrix including the effect of 
the equivalent impedance respectively. The effect of slack bus 
is also included in this equation.  
III.  TRACING THE VOLTAGE AT BUS FROM EACH GENERATOR 
To trace the voltage at each bus, we use superposition law 
as a foundation of this method’s development. By using 
superposition law, only one generator is connected to the 
system and at the same time the other generators in the system 
are open circuit. By taking the generators into account one by 
one, we can express the voltage contribution of each generator 
to each bus as [1]: 
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From the expression above, voltage at bus i contributed by 
generator bus n (∆vin) and the voltage of bus i contributed by 
all generator buses can be written as [1]: 
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From these equations, it can be seen that the voltage 
contributions of each generator to each bus can be calculated 
easily. This information is very important to calculate the 
power flow and loss allocation. 
IV.  TRACING THE CURRENT THROUGH EACH LINE 
Based on the circuit theory concept and referring to figure 
1, the current flow at each line in deregulated network can be 
determined as: 
 ( )( ) ( )( )niijijnjninij vjcjbgvvi ∆++∆−∆=∆ 2/    (8) 
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Where yij =(gij +jgij) is the line admittance from bus i to j and 
c/2 is the line charging susceptance. ∆inij and ∆inji are the line 
currents, produced by generator bus n, from bus i to bus j and 
from bus j to bus i, respectively.  
V.  TRACING POWER FLOW AND LOSS  
Since the voltage and current at the bus has been identified, 
the power flow at every line and the loss in the system can be 
calculated. The power flow from bus i to bus j and the loss 
produced by generator n at each line can be expressed [1]: 
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    Fig. 1  A Transmission line section model 
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The power from generator to a load also can be calculated by 
the same procedure, which is: 
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Where ∆ini,L is the current injection of a load bus contributed 
by generator bus n. Therefore the power of load bus i 
contributed by generator bus n can be written as: 
 
( )∗∆=∆ nLiinLi iVs ,,               (13) 
 
 The correctness of this method can be verified by 
comparing the results obtained by expressions above with the 
converged power solution. 
VI.  PROPORTIONAL SHARING METHOD IN SHORT  
Proportional sharing method is proposed in [2]-[5]. This 
method is based on proportional sharing principle and aims at 
tracing the flows of electricity through power networks. It 
allows quantifying how much of the active and reactive power 
flows from a particular source to specific load. It also allows 
quantifying the contribution from each generator or load to 
flows and losses in a given line.  
Tracing the generators’ output that proposed in [2]-[5] 
consists of several algorithms. The simplest algorithm is using 
average line flows. This algorithm is to average the line flows 
over sending and receiving-end values and adjusted 
correspondingly the nodal injections. The other approaches are 
to consider gross flows that are flows that would exist if no 
power were lost in the network and the approach to consider 
the net flows when all the losses are removed from the 
network. While to trace the reactive power, the additional 
fictitious line node is introduced. To do some comparison with 
Superposition theory method, we will discuss the novelties of 
gross flows.      
A.  Tracing real power using gross flows 
The gross nodal power, when looking at the inflows 
(upstream-looking algorithm), can be expressed as [3, 5]: 
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Where αiu is set of nodes supplying directly node i (i.e, power 
must flow towards nodded i in the relevant lines), PGi is the 
generation in node i and Pi-j is the line flow into node i in the 
line j-i. Then, we can say that |Pij(gross)| = |Pji(gross)|.The line 
flow |Pij(gross)| = |Pji(gross)| can be related to the nodal flow at 
node j by substituting |Pij(gross)| =cji(gross).Pj(gross), where cji(gross) 
= |Pji|/Pj, to give: 
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This, on rearrangement becomes: 
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Where Au is the (n x n) upstream distribution matrix, Pgross is 
the vector of nodal through-flows and PG is the vector of nodal 
generations. The (i, j)-th element of Au is equal to [2]-[5]: 
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Note that Au is sparse and non-symmetric. If Au-1 exists, then 
Pgross = Au-1PG and i-th element is [3]: 
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This equation shows that the contribution of the k-th system 
generator to i-th nodal power is equal to [Au-1]ik.PGK. It can be 
seen that the same Pi(gross) is equal to the sum of the load 
demand, PLi and outflows in lines leaving the node i. A line 
outflows in line i-l(gross) from node i can be therefore 
calculated. And by using proportional sharing principle, the 
line flow can be expressed as [5]: 
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 is called topological distribution 
factor that is indicating the proportion of power that generator  
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k contributes to line i-l. Finally, for load demand share, we can 
express as [3, 5]: 
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To obtain the losses, we calculate the difference between the 
gross demand and actual demand [5]: 
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The exact derivation of other algorithms can be found in [2]-
[5].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VII.  NUMERICAL EXAMPLES AND DISCUSSION  
A number of simulations have been carried out to 
demonstrate the validity of the method. The method was 
implementing using Matlab programming language. A load 
flow program that developed by [12] is used to obtain the 
system status. The result of IEEE 14-bus test system is 
presented. Converged bus solution and line parameter data for 
IEEE 14-bus test case is attached in Appendix.  
The active and reactive power flow tracing result is shown 
in Table 1. The implicit result obtained from (10) is shown 
here. It can be seen that every generator bus has contribution 
to the line flows. Note that the contributions from the 
generator bus 3, 6 and 8 to the line flows. Even though these 
buses generation of reactive power, it is still have some  
 
 
 
TABLE I 
RESULT OF CONTRIBUTION OF INDIVIDUAL GENERATORS TO LINE FLOWS AND ITS LOSSES 
TABLE II 
LOAD TRACING RESULTS OF IEEE 14-BUS SYSTEM 
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contribution to the real power of each line. This result is 
expected because of the effect of equivalent impedance of the 
systems. From this table also we can see the loss obtained at 
each line contributed from each generator by using (11). Table 
2 shows the load tracing results obtained using (13). Again, it 
can be seen the contribution of generator bus 3, 6 and 8 to the 
real power of each load.  
The active power at load bus is presented in Table 3 along 
with the result obtained through the procedure proposed by 
Bialek [2]-[5] that we discussed above. Note that the result 
obtained by superposition method is compared well with the 
results of [2]-[5]. From Table 3, we can see the result of 
superposition method is complying with the load demand by 
using (13). While for Bialek’s method, the load demand share 
is obtained using (20) and the loss is obtained using (21). The 
disadvantage of this method is we do not know the loss is 
contributed from which generator.       
VIII.  CONCLUSION  
In this paper, the superposition theory method for tracing 
generators’ output is reported. The method can determine the 
amount of real and reactive power output from a particular 
generator to a particular load. The loss allocation of each line, 
which produced by each generator, can also be obtained. The 
algorithm is simple and accurate. Accordingly, a small, 
illustrative network was selected as test case to show 
simplicity of the method. The method could be used to resolve 
some difficult pricing and costing issues to ensure fairness and 
transparency in the power system industry.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IX.  APPENDIX 
 
 
 
 
 
 
          
 
 
TABLE III 
REAL POWER CONTRIBUTION FROM INDIVIDUAL GENERATORS TO LOADS 
TABLE IV 
BUS DATA OF IEEE 14-BUS SYSTEM 
TABLE V 
LINE PARAMETER DATA OF IEEE 14-BUS SYSTEM 
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